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Introduction
The quality assurance parameters of diagnostic colonoscopy
continue to evolve with international recognition that comfort,
completion, and visualization are fundamental to a safe and
effective test. The combination of structured education for trai-
nees, formative assessments for credentialing, and technologi-
cal advances in ergonomics and image processing underlie this
progression. In the United Kingdom (UK), unadjusted cecal
intubation rates (CIRs) have increased and perforation rates
have decreased markedly from 76.9% and 0.13% in 2004 [1] to
92.3% and 0.04% in 2011 [2], respectively. Similarly, patient
discomfort and colonic looping accounted for 64% of comple-
tion failures in 2004 and 49% in 2011. Combining the published
data suggests, as a rule of thumb, that an incomplete proce-
dure is due to pain and looping in 50%, stricture or obstruction
in 25%, and poor bowel preparation in 20%, with cardiovascular
instability and severe inflammatory bowel disease making up
the remainder. An understanding of looping patterns and the
techniques for their resolution is therefore an imperative for
successful colonoscopy. CIRs are known to be lower in female
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ABSTRACT
Background and study aim Magnetic imaging technolo-
gy is of proven benefit to trainees in colonoscopy, but few
studies have examined its benefits in experienced hands.
There is evidence that colonoscopy is more difficult in
women. We set out to investigate (i) associations between
the looping configurations in the proximal and distal colon
and (ii) differences in the looping prevalence between the
sexes. We have examined their significance in terms of seg-
mental intubation times and position changes required for
the completion of colonoscopy.
Patients and methods We analyzed 103 consecutive syn-
chronized luminal and magnetic image videos of diagnostic
colonoscopies with normal anatomy undertaken by a single
experienced operator.
Results Deep transverse loops and sigmoid N-loops were
more common in females. A deep transverse loop was
more likely to be present if a sigmoid alpha-loop or N-loop
had formed previously. Patients with sigmoid N-loops were
turned more frequently from left lateral to supine before
the sigmoid-descending junction was reached, but there
was no statistical correlation between completion time
and looping pattern.
Conclusions This study has reexamined the prevalence of
the common looping patterns encountered during colonos-
copy and has identified differences between the sexes. This
finding may offer an explanation as to why colonoscopy has
been shown to be more difficult in females. Although a
deep transverse loop following a resolved sigmoid alpha-
loop was the most commonly encountered pattern, no sta-
tistical correlation between completion time and looping
pattern could be shown. It is the first study to examine seg-
mental completion times using a magnetic imager in expert
hands.
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patients compared to male [3–5]. Our study aims to use the
Olympus magnetic imager (ScopeGuide) to analyze associa-
tions between different loop configurations, sexual dimorph-
ism, and completion times, which serve as an index of difficulty
in colonoscopy [6].
The common looping patterns of the colon derived from
magnetic imaging scope technology have been well described
[7]. The “alpha” configuration was so-named because it con-
tains a clockwise spiral that resembles the Greek letter. The
“N-loop” configuration occurs when the scope forms an acute
hairpin bend at the sigmoid-descending junction. This latter
loop might contain a spiral “knuckle,” which resembles a small
alpha element. However, by means of a magnetic imaging de-
vice, Shah et al. [8] have shown that most loops (69%) are in-
correctly diagnosed by endoscopists and that position change
(66% of cases) is more effective than external hand pressure
(37% of cases) at promoting tip advancement in difficult cases.
One marker of competence, an unadjusted CIR of > 90%, is
usually obtained after 175–400 training cases [9–11]. Current
UK standards require at least 200 training procedures to
achieve competency, but only 41% of trainees can achieve this
[12]. Magnetic imaging technologies, such as ScopeGuide,
have improved CIRs by providing the colonoscopist with a real-
time three-dimensional reconstruction of the position of the
endoscope within the colon, enabling rapid visual guidance on
identifying and resolving difficult loops [13]. Using this tech-
nology, Shah et al. [8] showed that a sigmoid “N” spiral formed
in 80% of cases, an alpha-loop formed in 10% of cases, and in
10% the sigmoid remained straight. Furthermore, 30% of cases
were associated with the formation of a deep transverse loop
and in 1% a “gamma-loop.”
We set out to reexamine the prevalence of the different loop
configurations and to examine their associations between the
different sexes and their impact on completion times.
Patients and methods
A total of 103 ScopeGuide videos of normal diagnostic colonos-
copies performed by 1 experienced colonoscopist were ana-
lyzed. They comprised consecutive diagnostic cases where no
significant pathology was identified and were performed in
Gloucestershire Royal Hospital, UK, between February 2014
and January 2015.
Colonoscopist
The clinician in this study was a national bowel cancer screening
(BCS) colonoscopist with 25 years’ experience of colonoscopy
assisted by a magnetic imager. Audit figures determined by in-
dependent observation have shown procedure comfort scores
for this operator on the BCS 50th centile with 93% of examina-
tions completed with no, minimal, or mild discomfort.
Loop configurations
We defined new sigmoid and transverse configurations to sup-
plement those previously described. A “straight” sigmoid de-
scription was introduced for cases with a seemingly direct pas-
sage of the scope from the sigmoid colon into the descending
colon without any apparent angulation. The sigmoid configura-
tions identified in this study are shown in ▶Fig. 1.
For the transverse colon, novel definitions were created to
describe more precisely the extent of the looping patterns ob-
served. These related to 3 qualitatively estimated anatomical
locations: the hepatic flexure, the splenic flexure, and the anus
(demonstrated in ▶Fig. 2 by red arrows, white arrows, and yel-
low arrows, respectively). These locations are readily identified
on ScopeGuide images with the position of the anus estimated
from the position of the tip of the colonoscope at the beginning
of the recording (i. e., when the scope was inserted into the rec-
tum). A “straight” transverse colon crosses the abdomen in a
straight line between the splenic flexure and hepatic flexure,
with no loop formation (▶Fig. 2 a). An “intermediate” loop is
formed if the deepest point of the transverse colon descends
inferior to a straight line between the 2 flexures, but not infer-
a b c
▶ Fig. 1 Sigmoid colon configurations and patient position icons as seen on the ScopeGuide image. a Straight. b Alpha-loop. c N-loop.
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ior to a horizontal line equidistant between the anus and sple-
nic flexure (▶Fig. 2b). A “deep” loop occurs if the deepest part
of the transverse colon descends inferior to a horizontal line
equidistant between the anus and splenic flexure (▶Fig. 2 c).
Repeated inspection of the ScopeGuide videos enabled
these standard definitions to be applied to the configurations
of the sigmoid and transverse colons in real time in order to
analyze the frequency and associations of the looping patterns.
Definitions of the sigmoid and transverse configurations are
shown in ▶Table1.
Position change
The position changes used in the procedures were also ana-
lyzed. This was achieved by documenting the position of the
patient as determined by the small icon in ScopeGuide. This
was reset by the colonoscopist each time a position change
was performed to facilitate successful navigation of a colonic
segment, as demonstrated in ▶Fig. 1 and ▶Fig. 2.
Timing
The time taken for each colonoscopy as well as the proximal and
distal colon completion times were recorded. Both the endo-
scope and ScopeGuide views were considered to achieve this.
The distal colon completion time was defined as the time be-
tween entry of the tip of the colonoscope at the anus and entry
into the transverse colon. The proximal colon completion time
was defined as the time between entry into the transverse co-
lon and visualization beneath the ileocecal valve. The overall
completion time was defined as the time between entry of the
tip of the colonoscope at the anus and visualization beneath the
ileocecal valve. The system clock on the video image was used
to determine these times.
Statistical methods
Sex differences in colonic configuration, associations between
the looping configurations in the proximal and distal colon,
and requirement for a position change were analyzed with Fish-
er’s exact test. The association between completion time and
a b c
▶ Fig. 2 Transverse colon configurations and patient position icons as seen on the ScopeGuide image. The hepatic flexure is demonstrated by
red arrows, the splenic flexure by white arrows, and an approximate position of the anus by yellow arrows. a Straight. b Intermediate loop.
c Deep loop.
▶ Table 1 Definition of sigmoid and transverse colon configurations.
Sigmoid Definition
Alpha-loop Spiral resembles Greek letter alpha. Resolution requires withdrawal and clockwise twist.
N-loop Acute hairpin bend at sigmoid-descending junction. Once scope tip is “hooked” at junction, loop can be resolved by
withdrawal.
Straight Straight, “direct” passage through sigmoid into descending colon. Progress by rotatory and withdrawal maneuvers when
necessary.
Transverse Definition
Straight Transverse colon crosses in a straight line between the splenic flexure and hepatic flexure.
Intermediate loop Deepest point of transverse colon descends inferior to a straight line between the 2 flexures, but not beyond a horizontal
line equidistant between the splenic flexure and anus.
Deep loop Deepest point of transverse colon descends inferior to a horizontal line equidistant between the splenic flexure and anus.
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configuration was analyzed with a 1-way analysis of variance
(ANOVA). A P-value <0.05 was considered significant.
Results
The age, sex, and cecal intubation times of the 103 patients are
summarized in ▶Table2.
Loop configurations
Significant differences between the sexes were found in both
sigmoid and transverse colonic configurations. In the sigmoid
colon, straight (M: 19, F: 13) and alpha-loops (M: 28, F: 24)
were more common in males, and N-loops were more common
in females (M: 3, F: 16, P=0.0066) (▶Fig. 3).
In the transverse colon, straight (M: 18, F: 5) and intermedi-
ate loops (M: 19, F: 17) were more common in males, and deep
loops (M: 13, F: 31, P=0.0006) were more common in females
(▶Fig. 4).
As there were 3 configurations of sigmoid colon, and 3 con-
figurations of proximal colon, there were 9 possible combina-
tions. ▶Fig. 5 depicts their frequencies and shows that a sig-
moid alpha-loop followed by a deep transverse loop was the
most common overall. However, this does not imply that an al-
pha-loop was necessarily present when the deep transverse
loop was encountered.
Furthermore, patients with sigmoid alpha-loops and N-loops
were more likely to have a deep transverse loop compared to
those with a straight sigmoid colon (P=0.0476) (▶Table 3).
This may be due to increased mobility of the whole colon in
these patients.
Position change
In the distal colon, the requirement for a position change from
left lateral to supine occurred more frequently and earlier in the
procedure (before the sigmoid-descending junction was
reached) for N-loops compared to the straight or alpha-loop
configurations (▶Fig. 6). At the sigmoid-descending junction,
▶ Table 2 Colonoscopy patient data.
Male (n=50) Female (n=53)
Median age (SD) (years) 65 (13.1) 66 (16.3)
Mean cecal intubation time
(SD) (min)
7.5 (3.8) 7.6 (3.5)
Straight
Male
Female
Sigmoid colon configuration
Alpha loop N-loop
Pe
rc
en
ta
ge
60 %
50 %
40 %
30 %
20 %
10 %
0 %
▶ Fig. 3 Frequency distribution of sigmoid colon configurations.
Straight
Male
Female
Transverse colon configuration
Intermediate 
loop
Deep loop
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70 %
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0 %
▶ Fig. 4 Frequency distribution of transverse colon configurations.
Straight
Deep
Intermediate
Straight
Sigmoid configuration
Alpha loop N-loop
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0 %
▶ Fig. 5 The frequency distribution of the proximal and distal colon
configurations.
▶ Table 3 Frequency of deep transverse loops in relation to sigmoid
configurations.
Sigmoid configuration Proportion with deep transverse loop
Straight 24%
Alpha-loop 53%
N-loop 47%
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more patients with N-loops had been turned to the supine posi-
tion compared to those with straight sigmoid colons (P=
0.0054) and alpha-loops (P=0.0026). Likewise, at the splenic
flexure, more patients with N-loops had been turned to the su-
pine position compared to those with straight sigmoid colons
(P=0.0004) and alpha-loops (P=0.0414).
In the proximal colon, there was no association between
transverse colon configuration and position change (▶Fig. 7).
In a few cases, a right lateral or prone position was required
for progression in the proximal colon, and ScopeGuide demon-
strated that these positions were often required for a mobile
intraperitoneal cecum that was medially dependent when pa-
tients were lying in the left lateral position (▶Fig. 8).
Intubation times
The mean intubation times, as well as separate proximal and
distal colon times, were recorded for each configuration
(▶Fig. 9).
An N-loop in the sigmoid colon and a deep loop in the trans-
verse colon resulted in the longest mean intubation time. How-
ever, there were no statistically significant differences in the
proximal, distal, or overall completion times with regards to
colonic configuration.
Discussion
Previous studies have investigated the variation in configura-
tion of the colon based on real-time magnetic image-assisted
colonoscopy (e. g., ScopeGuide). Although the incidence of
transverse loop formation has been described [8, 14, 15], no
difference in incidence between the sexes could be shown. We
have added novel and more precise definitions for the extent of
transverse looping and have included straight configurations in
the proximal and distal colon in our analysis. With these defini-
tions, we found that deep transverse loops were more common
in women, straight transverse colons were more common in
men, and the frequency of intermediate transverse loops was
similar in both sexes. These data are supported by Sadahiro et
al. [16] and Saunders et al. [17], who both found that females
had longer transverse colons, as well as longer overall colons,
using barium enema studies. Furthermore, Saunders et al. [18]
and Hanson et al. [19] have both shown that the redundancy (or
length) of the transverse colon is strongly associated with more
difficult colonoscopy, using barium enema studies and CT colo-
nography, respectively. It is interesting to speculate why there
may be a difference between the sexes and confounding fac-
T HF AC T HF AC T HF AC
Straight Intermediate Deep
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Left lateral
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▶ Fig. 7 Frequency of left lateral and supine positions during colo-
noscopy of proximal bowel in relation to transverse loop configura-
tion. Right lateral and prone positions (not shown) made up the
remainder in each configuration. T = transverse colon, HF =hepatic
flexure, AC=ascending colon.
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▶ Fig. 6 Percentage of patients remaining in left lateral during
passage of colonoscope through the left colon. R = rectum,
SC= sigmoid colon, SDJ = sigmoid-descending junction, DC=des-
cending colon, SF = splenic flexure. ▶ Fig. 8 ScopeGuide image showing a midline cecum that required
a right lateral position change in the ascending colon.
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tors such as body mass index, previous pelvic surgery, or preg-
nancy have not been investigated.
Our study has also highlighted an increased prevalence of
sigmoid N-loops in females compared to males. This particular
type of looping pattern has been associated with the highest
number of demands for self-administered analgesia by patients
during standard air and water-exchange colonoscopies [20],
and 90% of painful episodes in this study occurred during shaft
straightening maneuvers. The relatively higher occurrence of
sigmoid N-loops and deep transverse loops in females in our
study might offer an anatomical explanation for why colonos-
copy is considered to be more difficult in this patient group
[21]. Recent data suggesting that starting colonoscopy in the
right lateral position results in a more comfortable examination
for females and shorter cecal intubation times may also be ex-
plained on this basis [22].
Although we have demonstrated an increased prevalence of
painful sigmoid colonic configuration among females and an in-
verse relationship for males, colonic configuration was not
found to impact on the overall colonoscopy completion times,
nor the separate proximal and distal colon completion times.
Additional studies may show that this is a common finding in
experienced hands. Furthermore, the incidence of sigmoid al-
pha-loops in our study was greater than previously reported,
and this could be a reflection of technique, since the alpha
maneuver [7] can be used to deliberately insert an alpha-loop
to avoid tight angulation at the sigmoid-descending junction.
An alternative technique for resolving N-loops, as demonstrat-
ed in this study, is to move patients into a supine position be-
fore the sigmoid-descending junction.
Transverse gamma-loops are typically found in about 1% of
cases, and none were encountered in this study. However, a
right-lateral or prone position was required for completion in a
few cases, and ScopeGuide demonstrated that these positions
were often required when there was a mobile intraperitoneal
cecum.
Much has been written about magnetic imaging as an aid to
teaching colonoscopy by facilitating loop recognition and
learning the methods for their resolution. However, experience
from the routine use of ScopeGuide in many centers in the UK
now extends to greater than 20 years, and all bowel cancer co-
lonoscopy screening centers use this technology. Nerup and
Preisler [23, 24] have shown in patients and models, by means
of a calculated colonoscopy progression score (CoPS) derived
from image analysis of the ScopeGuide recording, that experts
make faster progression through the colon. A high CoPS score is
likely to reflect superior tip and torque control, loop recogni-
tion, and resolution. This study highlights differences in loop-
ing patterns between the sexes and shows, in expert hands, lit-
tle variation in completion times between the different config-
urations despite the need for position change and other loop-
resolving maneuvers. In our cohort, 32% of the patients were
able to have an un-sedated procedure.
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